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Abstract: Enteroviruses are small RNA viruses that belong to
several species groups (A to H and J) in the genus Enterovirus and
family Piconarviridae. Central nervous system (CNS) involvement in
enterovirus infections is well known although it is a relatively rare
complication. Several neurological syndromes have been described
including aseptic meningitis, acute ﬂaccid paralysis (myelitis), and
themore serious encephalitis. Perhaps the best known neurotropic
enterovirus for more than a century is the poliovirus, although
other enteroviruses have also been associated with neurological
syndromes. Except perhaps for poliovirus and enterovirus A71 (EV-
A71), many reports were anecdotal and causative links yet to be
ﬁrmly established, partly because of the difﬁculty of demonstrating
virus in the cerebrospinal ﬂuid or CNS tissues.
Based on poliovirus studies, enteroviral neuroinvasion had been
long thought to be via haematogenous and peripheral nerve routes.
Recent evidence from transgenic mouse models has conﬁrmed
poliovirus neuroinvasion by peripheral nerves. Human and ani-
mal studies have provided good evidence that EV-A71 may enter
the CNS via spinal and cranial motor nerves by retrograde axonal
transport but other neural pathways other than the motor path-
way may help spread virus within the CNS. Brain MRI scans in
echovirus 7, coxsackievirus A16, EV-A71 and enterovirus D68 (EV-
D68) encephalitides often show similar lesions in the anterior
horns of the spinal cord, dorsal brainstem and cerebellar dentate
nucleus. If conﬁrmed by autopsy and other studies, these ﬁndings
could suggest a commonpathway for enteroviral neuroinvasion via
peripheral motor nerves.
The neuron in the CNS is the main viral target so neuronal viral
cytolysis/necrosis is probably responsible for CNS injury for most
enteroviruses. However, other mechanisms of cell injury such as
apoptosis and immunopathogenesis may have a role and should
be investigated. With better molecular techniques and MRI facil-
ities, the diagnosis of enterovirus encephalitis should improve in
the future. A greater understanding of the pathology and neu-
ropathogenesis of non-poliovirus encephalitides is important with
the imminent worldwide eradication of poliovirus, and the emer-
gence of enteroviruses such as EV-A71 and EV-D68, which capable
of causing epidemic encephalitides.
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Abstract: Acute Encephalitis Syndrome (AES) is a major public
health concern in India. Large outbreaks of AES affecting particu-
larly children, occur annually in the country post monsoon from
July to November.
The National Vector Borne Disease Control Programme in India
set up countrywide surveillance for AES through sentinel siteswith
a focus ondetecting Japanese encephalitis (JEV). Although JEV is the
major cause of AES in India (ranging from 5-35%), the etiology in a
large number of cases however remains unidentiﬁed.
Over the past 3 decades, a major thrust area at NIMHANS is to
identify AES pathogens other than JEV. Our studies in collaboration
with the University of Liverpool at Ballary, demonstrated Chikun-
gunya virus, Enterovirus 75 and Parvovirus B4 as etiological agents
of AES besides JEV. In addition, as a referral lab of the WHO-SEARO
JE network (2006-10),we detectedDengue,West Nile and bacterial
pathogens as causative agents of AES.
More recently, under the co-operative agreement with CDC,
we proposed and validated an algorithmic approach to determine
the etiology of 1253 cases of AES in four major affected states-
Uttar Pradesh, Assam, West Bengal and Karnataka. In the algo-
rithm, serum and/or CSF samples collected from AES cases were
ﬁrst tested to detect JEV IgM antibodies. All JEV IgM negative
serum samples were further tested for presence of Scrub Typhus
IgM, Dengue Virus IgM and West Nile Virus IgM using commer-
cially available kits,while CSF sampleswere subjected for detection
of bacterial/viral nucleic acids for Streptococcus pneumonia, N.
meningitidis, H. inﬂuenzae, Herpes simplex virus Type 1(HSV),
Enteroviuses and Chikungunya virus in that order of priority.
Out of the 1253 patients tested, paired CSF and serum samples
were obtained from 639 patients (51%), only CSF from 352 (28%)
and only serum from 262 cases (21%). Adult cases of AES predom-
inated in Assam (210/409, 51.34%) where as pediatric cases were
seen in Uttar Pradesh. Overall, the algorithm enabled identiﬁcation
of etiology in 497/1253 cases (39.66%). JEVwas the commonest eti-
ology identiﬁed (260/1253, 21%)while, non-JE causative pathogens
was identiﬁed in 237/1253 (19%) of the samples tested. Scrub
typhus IgM (26%), Dengue IgM (5%) and West Nile virus IgM (1.8%)
was detected using serum samples while S.pneumoniae (1.65%),
H. inﬂuenzae (0.73%), HSV (0.62%) and Enterovirus (0.16%) was
detected in the CSF using molecular tests.
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